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Beyond “Inert” Ideas to Teaching General Chemistry from Rich Contexts:
Visualizing the Chemistry of Climate Change (VC3)
Abstract
As one approach to moving beyond transmitting “inert” ideas to chemistry students, we use the term “teaching
from rich contexts” to describe implementations of case studies or context-based learning based on systems
thinking that provide deep and rich opportunities for learning crosscutting concepts through contexts. This
approach nurtures the use of higher-order cognitive skills to connect concepts and apply the knowledge
gained to new contexts. We describe the approach used to design a set of resources that model how rich
contexts can be used to facilitate learning of general chemistry topics. The Visualizing the Chemistry of
Climate Change (VC3) initiative provides an exemplar for introducing students in general chemistry courses
to a set of core chemistry concepts, while infusing rich contexts drawn from sustainability science literacy.
Climate change, one of the defining sustainability challenges of our century, with deep and broad connections
to chemistry curriculum and crosscutting concepts, was selected as a rich context to introduce four topics
(isotopes, acids–bases, gases, and thermochemistry) into undergraduate general chemistry courses. The
creation and assessment of VC3 resources for general chemistry was implemented in seven steps: (i) mapping
the correlation between climate literacy principles and core first-year university chemistry content, (ii)
documenting underlying science conceptions, (iii) developing an inventory of chemistry concepts related to
climate change and validating instruments that make use of the inventory to assess understanding, (iv)
articulating learning outcomes for each topic, (v) developing and testing peer-reviewed interactive digital
learning objects related to climate literacy principles with particular relevance to undergraduate chemistry,
(vi) piloting the materials with first-year students and measuring the change in student understanding of both
chemistry and climate science concepts, and (vii) disseminating the interactive resources for use by chemistry
educators and students. A novel feature of the approach was to design resources (step v) based on tripartite
sets of learning outcomes (step iv) for each chemistry and climate concept, with each knowledge outcome
accompanied by an outcome describing the evidential basis for that knowledge, and a third outcome
highlighting the relevance of that knowledge for students.
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ABSTRACT: As one approach to moving beyond trans-
mitting “inert” ideas to chemistry students, we use the term
“teaching f rom rich contexts” to describe implementations of
case studies or context-based learning based on systems
thinking that provide deep and rich opportunities for learning
crosscutting concepts through contexts. This approach
nurtures the use of higher-order cognitive skills to connect
concepts and apply the knowledge gained to new contexts.
We describe the approach used to design a set of resources
that model how rich contexts can be used to facilitate learning
of general chemistry topics. The Visualizing the Chemistry
of Climate Change (VC3) initiative provides an exemplar for
introducing students in general chemistry courses to a set of
core chemistry concepts, while infusing rich contexts drawn from sustainability science literacy. Climate change, one of the
deﬁning sustainability challenges of our century, with deep and broad connections to chemistry curriculum and crosscutting
concepts, was selected as a rich context to introduce four topics (isotopes, acids−bases, gases, and thermochemistry) into
undergraduate general chemistry courses. The creation and assessment of VC3 resources for general chemistry was implemented
in seven steps: (i) mapping the correlation between climate literacy principles and core ﬁrst-year university chemistry content,
(ii) documenting underlying science conceptions, (iii) developing an inventory of chemistry concepts related to climate change
and validating instruments that make use of the inventory to assess understanding, (iv) articulating learning outcomes for each
topic, (v) developing and testing peer-reviewed interactive digital learning objects related to climate literacy principles with
particular relevance to undergraduate chemistry, (vi) piloting the materials with ﬁrst-year students and measuring the change in
student understanding of both chemistry and climate science concepts, and (vii) disseminating the interactive resources for use
by chemistry educators and students. A novel feature of the approach was to design resources (step v) based on tripartite sets of
learning outcomes (step iv) for each chemistry and climate concept, with each knowledge outcome accompanied by an outcome
describing the evidential basis for that knowledge, and a third outcome highlighting the relevance of that knowledge for students.
KEYWORDS: Curriculum, First-Year Undergraduate/General, Interdisciplinary/Multidisciplinary, Internet/Web-Based Learning,
Acids/Bases, Atmospheric Chemistry, Isotopes, Gases, Thermodynamics, Misconceptions/Discrepant Events
■ A CHEMISTRY EDUCATION CHALLENGE: BEYOND
“INERT” IDEAS TO MEANINGFUL AND RELEVANT
LEARNING CONNECTED TO IMPORTANT
CONTEXTS
Normally we teach out of context. The biology teacher’s
teaching here, the mathematics teacher there, the English
teacher over here...and when it’s time to synthesize, guess
what? We aren’t there.
This quote from Fred Johnson1 (National Science Teachers
Association past-president), discussing the STEM challenges
that led to the reforms in the U.S. K−12Next Generation Science
Standards,2 resonates with a century-old critique by Alfred North
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Whitehead. In his 1916 address to the Mathematical Association
of England, Whitehead3 critiqued a central characteristic of
schools, that they were radically infected with “inert” ideas, ideas
that “are merely received into the mind without being utilized,
or tested, or thrown into fresh combinations”. He called for
“eradicating the fatal disconnection of subjects that kills the
vitality of modern curriculum”, and connecting learning to life.
We should prove the ideas that are set out, Whitehead said, that
is, “prove their worth and value to students”, and endeavor
“not to use propositions in isolation”. “The problem of education”,
he concluded, “is to make the pupil see the wood by means of the
trees”.
Chemistry educators have documented the compelling nature
of the challenges facing chemistry education, many of which have
parallels with Whitehead’s challenge to see the woods and
avoid being lost in the trees. Students experience clusters of
isolated facts in indigestible bundles, theoretical ideas that are
unconnected to their lives, diﬃculty in transferring learning to
problems presented in new ways, and an overemphasis on
preparation for further study in chemistry rather than developing
the scientiﬁc literacy needed to function as future scientists,
engineers, and informed citizens.4−9
General chemistry courses are a particularly important target
for reform, as they are gateways for entry to a broad range of
careers in science, health, environment, and engineering.
The stakes for “getting it right” in general chemistry are raised
even further when considering that, for many careers in science,
students will experience either no additional chemistry, or per-
haps a course in organic chemistry, in their academic program.
A recent editorial in this Journal7 calls for moving the under-
graduate general chemistry curriculum from a “disjointed trot
through a host of unrelated topics” to an innovative curriculum
that includes a robust understanding of fundamental overarching
chemistry principles and themes, with assessable learning
outcomes.
While general chemistry instruction has remained relatively
static for four or ﬁve decades,10 the world that graduates enter is
increasingly characterized by substantial and rapid change.
Multiple unfolding global challenges related to environment,
population, health, water, and energy are increasingly visible, and
the molecular sciences are acknowledged as having a central role
to play in working toward solutions.11,12 General chemistry
students, the vast majority of whom will not major in chemistry,
need to understand the crosscutting relevance of chemistry con-
cepts to knowledge gained in other courses and to their ability to
function as well-educated citizens in a world of complexity and
change. A reorientation of chemistry teaching and learning has
been called for in a recent commentary in Nature Chemistry,
suggesting that chemistry must be taught in contexts that are
relevant to society and contribute to meeting global challenges,
and that are based on a systems perspective including physical,
biological, environmental, and other systems.13 To equip an
informed citizenry for responsible decision-making based
on chemical thinking is a grand challenge that requires “the
development of educational resources that provide clear
examples of how to best integrate authentic chemistry practices
with core chemical ideas”.14 While educational resources, such
as the American Chemical Society’s Chemistry in Context
(ninth edition forthcoming) have been developed for post-
secondary nonscience majors, few examples are available of widely
successful implementations for science majors. The approach and
resources described here provide one clear example of educational
resources for general chemistry based on a systems perspective,
to help meet this grand challenge.
■ TEACHING FROM RICH CONTEXTS: THEORETICAL
UNDERPINNINGS, EMPIRICAL EVIDENCE, AND
LIMITATIONS
Various permutations of context-based learning, along with
related approaches such as case-based learning and problem-
based learning, have been employed in secondary and post-
secondary education in North America, Europe, and elsewhere,
as strategies to address the pedagogical challenge identiﬁed above
and to model science education’s potential to equip students for
the increasing complexity and uncertainty of our world.15
Context-based learning uses context and applications of science
as the starting point for the development of scientiﬁc ideas,16
rather than comprehensively covering concepts and then
including one or more interesting applications. Building on its
Latin roots (“contextus”: coherence, connection, relationship),
the term context is used here to describe “coherent structural
meaning”5 (Whitehead’s “seeing the wood”) for introducing
chemistry facts that students learn.
Theoretical frameworks that have guided context-based
learning15,16 include conceptual change frameworks, personal
constructivism,17,18 and the learning theory of situated cognition,
which synthesizes elements of behaviorist and cognitive
theoretical perspectives. Context-based approaches recognize
that all learning is situated in physical, cultural, and social con-
texts.6,19,20 Content that is introduced through contexts may be
anchored more ﬁrmly in memory,21 giving learners greater
ability to apply concepts to new contexts. This is less likely to be
the case for knowledge that is stored in memory without
connections to real-life contexts.21 Our implementation of
teaching from rich contexts is also inﬂuenced by prior articulation
of the meaning of “authentic” practices,6,22,23 “meaningful”
science learning,24 and eﬀective approaches for infusing nature
of science considerations25 into the teaching and learning of
science. Theories of motivation and interest development
support the claim that emotional and aﬀective aspects play an
important role in the development of positive attitudes toward
learning and in the learning of chemistry.26−30
As discussed below, one novel feature of our approach to
teaching from rich contexts is to design instructional materials
and assessments based on tripartite learning outcomes, in
which each knowledge outcome is accompanied by an outcome
describing the evidential basis for that knowledge, and a
third outcome highlighting the relevance of that knowledge for
students. Other educational researchers, some of whom were
directly responding to Whitehead’s critique of “inert” education,
have also developed approaches to move beyond the formulation
of content learning outcomes in designing curriculum. Mason
and Spence31 have surveyed the literature on forms of knowing in
education, and include a critique of “knowing about” subject
matter that narrowly focuses learning on knowledge that is easy
to teach and test. Students may become very accomplished at
passing examinations, but they have real diﬃculty using the
cognitive tools of their domain to apply what they have been
taught to more general or less familiar problems or new contexts.
They suggest an additional form of knowing, “knowing to”, as a
goal for active knowledge that moves beyond “inert” ideas and
integrates tools into the functioning of students in their worlds.
Recent reviews of empirical data on the eﬀectiveness of
context-based approaches have focused mostly on the more
frequent implementations at the secondary level, with much less
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work to date on implementing and assessing initiatives at the
postsecondary level.6,15 Research demonstrates that context-
based learning results in positive eﬀects on student attitude
and the development of transferrable and intellectual skills.21,32
Studies suggest comparable or better results on student learning,
but few well-designed studies using contemporary learning
models have been carried out, especially at the postsecondary
level.6 Potential challenges with the implementation of context-
based approaches have also been identiﬁed, including the need to
develop strategies for both students and teachers to approach less
structured problems that are conceptually more complex,15
although this challenge is not unique to context-based learning.
A limitation to the wider acceptance and application of context-
based learning is the perception that important domain content
may be “left out” when introducing topics through rich contexts.
Further research to assess cognitive and aﬀective learning gains
from context-based approaches and to measure the extent to
which context-based approaches facilitate the transfer of learning
of chemical concepts to new contexts, relative to traditional
approaches, may help to inform this discussion. Professional
development for chemistry educators on systems approaches and
the nature of the particular rich contexts that are used will be
needed to overcome concerns about faculty reluctance to use
unfamiliar contexts.
■ CLIMATE SCIENCE AS A RICH CONTEXT FOR
TEACHING CHEMISTRY
In selecting a rich context as a proof-of-concept exemplar for
implementation with postsecondary general chemistry students,
climate science was chosen for several reasons. The ﬁrst is global
recognition of the importance of understanding and addressing
climate change. Climate change has been identiﬁed as one of only
two core planetary boundaries, which has the potential on its own
to drive the earth system into a new state, should the boundary be
substantially and persistently exceeded.33,34 Economists, as
well as scientists, are concerned, as 6.0 °C of warming would
represent a loss of 30% of the current value of the world’s
manageable ﬁnancial assets.35 Unmitigated climate change is
estimated to reduce the income of an average person on earth
by 23% by 2100 and by 75% in the poorest 40% of countries.36
And public policy experts project substantially ampliﬁed rates of
human conﬂict in the coming decades due to changing local
climates.37
Recognition of the planet-scale inﬂuence of human beings has
led to a recommendation by the Anthropocene Working Group
to the international geological science community that our planet
has left the Holocene and entered the Anthropocene Epoch38
on the geologic time scale. The case for having entered the
Anthropocene (Greek “anthropo-”, human; and “-cene”, new)
Epoch is based on quantitative analysis of rapidly escalating
changes to parameters (including climate change) that deﬁne our
capacity to live safely within the boundaries of our planetary
life support systems. Since much of the data being assessed to
evaluate the human footprint is based on measurements and
insights from chemistry at its interfaces with earth, atmospheric,
and marine sciences, a compelling case can be made that
chemistry educators should attend to these crosscutting contexts
in curricula.39
Universities have been charged with taking leadership in
addressing the issue of restabilizing earth’s climate, which has
been identiﬁed as a deﬁning challenge of the 21st century.40
Yet this task is enormously diﬃcult. Climate science is complex
and crosscutting, and making sense of climate change requires a
systems framework41 that draws on insights from chemistry,
physics, biology, and environmental, atmospheric, and earth
sciences. Perhaps due in part both to its complexity and inter-
disciplinary nature, climate science has been slow to be incor-
porated into science curricula at either the K−12 or post-
secondary levels in education standards or science education
curriculum,42 although several dimensions of climate science are
now found in the U.S. Next Generation Science Standards.43
Pervasive and robust misconceptions about climate have been
documented, some of which have at their heart fundamental
(mis)understandings of the molecular world.44,45
While the complexity of climate science as a rich context for
teaching and learning of chemistry poses challenges, it also
presents unique opportunities.46 Understanding complex
systems is fundamental to developing an authentic under-
standing of science, and understanding of science is needed to
guide responsible action. Climate change represents a classic
complex system. “The spatial scale is global; the time scale dwarfs
normal human concerns; and the dynamics of the climate are
exquisitely complex and imperfectly understood.”47 The complexity
of systems such as our climate makes them diﬃcult to understand
because they are composed of multiple interrelated levels that
interact in dynamic ways.48
Many of the concepts underlying the science of climate change
involve concepts for which learner conceptual understanding
must result in the use of informed imagination to construct
robust mental models. Consider the challenge for a ﬁrst-year
student trying to imagine correctly how “greenhouse gases”
function at the molecular-level as an anthropogenic driver for
earth’s changing radiation balance. A robust mental model
requires the synthesis of fundamental knowledge about the
interaction of electromagnetic radiation with molecules, leading
to the ability to picture interaction of trace amounts of colorless
carbon dioxide with invisible infrared radiation. It further
requires an understanding of how subsequent interactions of
vibrationally excited carbon dioxide molecules with IR-inactive
atmospheric nitrogen and oxygen gases ultimately lead to tro-
pospheric warming.
Achieving climate literacy in the framework of complexity
brings an opportunity for chemistry education to move beyond
“inert” ideas to embrace pedagogies based on student conceptual
understanding, to eﬀectively use interactive visualizations,49 and
to explore teaching from rich contexts as a means to facilitate
student engagement with and understanding of chemistry and
interdisciplinary science concepts. The limited availability of
context- and content-rich resources that are linked to curricular
learning outcomes in introductory chemistry is a signiﬁcant
barrier to more widespread adoption of new pedagogical
approaches and provides one motivation for this project.
■ VISUALIZING THE CHEMISTRY OF CLIMATE
CHANGE
The process of developing resources used in the visualizing the
chemistry of climate change (VC3) initiative provides an
exemplar for introducing students in general chemistry courses
to a set of core chemistry concepts, while infusing rich contexts
drawn from a larger rich context: in this case, sustainability
science literacy. The interactive web-based VC3 digital learning
objects resources aim to (i) exemplify science education for
sustainability, (ii) improve the understanding of climate change
by both undergraduate students and faculty members, and
(iii) provide “best-practice” resources to support chemistry
instructors in adopting active-learning pedagogies that situate
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cognition in authentic science practice and globally important
contexts.
VC3: Approach and Methods
The process for designing and implementing resources for VC3
is described in Figure 1.
Step 1. Map the Correlation between Core Chemistry
Content and Climate Literacy Principles To Identify
Topics for Introduction of Rich Contexts. Traditional core
chemistry topics widely introduced in North American general
chemistry courses were identiﬁed by surveying seven text-
books widely in use at the beginning of the study50−56 and
course outlines from representative universities and colleges.
A comprehensive climate literacy framework, Climate Liter-
acyEssential Principles of Climate Science,57 was developed
by the U.S. Climate Change Science Program (CCSP), which
integrates federal research on climate and global change,
as sponsored by 13 U.S. federal agencies. This framework
provided an authoritative set of essential principles and
scientiﬁc thinking skills thought to be required by a climate
literate citizen. We then created a detailed interactive map
(a representative portion of which is shown in Figure 2) to
identify the coherence between the CCSP literacy principles
and core general chemistry concepts.
The mapping exercise identiﬁed four chemistry topics as
particularly suitable for development of climate-science-rich
contexts to introduce general chemistry content:
• Isotopes
• Gases
• Acid−base chemistry
• Thermochemistry
Step 2. Identify Chemistry Alternative Conceptions for
Each Topic. For each of the four key chemistry topics, the
science education literature was surveyed to identify documented
student alternative conceptions,58−62 and this information,
along with results from identiﬁed climate conceptions (step 3),
was used in writing learning outcomes and creating student
resources.
Step 3. Identify Climate Alternative Conceptions for
Each Topic.While researchers have identiﬁed concepts relating
to climate, atmosphere, and fossil fuel use in geoscience contexts
that are commonly misunderstood,42 climate conceptions that
are particularly relevant to the learning of chemistry had not been
well-documented. Two initiatives were carried out to address
this gap. First, an investigation of general chemistry students’
understanding of the chemistry underlying climate change was
performed.63 Then a two-tiered climate science diagnostic
instrument for use in general chemistry classes was developed
and implemented at two institutions to measure student under-
standing of climate change, the behavior of gases, and the
mechanism of radiative forcing of gases. This instrument was
developed across the life of the project and has been published in
this Journal for use by the community.45
Step 4. Articulate Tripartite Learning Outcomes for
Each Key Idea.To give appropriate attention to both the nature
of science considerations and the relevance of contexts to
students and society in addition to content knowledge, tripartite
learning outcomes were articulated for each chemistry and
climate literacy content outcome. Each content knowledge
outcome (“What do chemists know?”) was accompanied by an
evidential outcome (“How do chemists know this?”), and a third
relevance outcome (“Why should students care about this
knowing?”). Each learning outcome was evaluated using a
modiﬁed Bloom’s taxonomy,64 and most were accompanied by
assessment questions, some of which formed the basis of pre- and
post-test instruments that were used to assess learning gains
(Table 1).
Step 5. Design a Suite of Interactive Electronic
Learning Materials for Students. On the basis of the
mapping of chemistry concepts to climate literacy principles and
the analysis of alternative conceptions related to both chemistry
and climate concepts, a suite of interactive electronic learning
resources were created for students to guide them toward the
attainment of the tripartite learning outcomes. At the beginning
of each of the four modules (isotopes, gases, acids and bases, and
thermochemistry), students are ﬁrst invited to engage with an
overall concept question that integrates the climate context into
the chemistry content area, followed by a set of key chemistry
ideas, each of which also starts with a more speciﬁc concept
question. In each key idea section, headers labeled “What do we
know?” (knowledge outcome), “How do we know?” (evidential
outcome), and “Why should we care?” (relevance outcome) are
used to overtly focus student and instructor attention on the
tripartite learning outcomes. Higher-order conceptual questions
are included under the header “Question for Thought” and
interactive feedback given to students with “Worked Examples”
Figure 1. Process for creating and implementing VC3 resources to
infuse climate literacy goals into the teaching of general chemistry.
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and “Your Turn” questions, where students are presented with
speed bumps through a requirement to click to see an answer.
The approach is illustrated with an example from the gases
module. The overall concept question for gases is “Which
atmospheric gases support life?” The ﬁrst key idea asks students
to explore gases that support life directly, and others that support
life by regulating the energy balance of our planet. The next ﬁve
key ideas cover the following: (i) the properties of gases, focusing
on those physical properties that are common to all gases and
introducing the kinetic molecular theory, (ii) the temperature
of the atmosphere, (iii) electromagnetic radiation and its
interaction with gases, which emphasizes some of the ways
gases are diﬀerent from each other, (iv) greenhouse gases,
and (v) the eﬀect of greenhouse gases on our changing climate.
Using eﬀective practices for visualizations,49 rather than presenting
information statically, each module makes extensive use of applets
or digital learning tools that invite students to interrogate data or
models and explore questions about the key ideas.
Figure 2. Small portion of the map showing the coherence between climate literacy principles and general chemistry topics. An interactive electronic
version of the complete map is available as Supporting Information: green boxes on the outside represent the essential principles of climate literacy,
colored ovals in the middle are core chemistry concepts, and yellow rectangles connecting the two are chemistry key ideas that oﬀer potential starting
points for infusing climate principles with chemistry content.
Table 1. Tripartite Learning Outcomes and an Assessment Question for a Key Chemistry Concept in the Isotopes Module
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In the gases module students interact with learning tools that
work through fundamental ideas about the following: (i) earth’s
atmosphere and temperature proﬁle, (ii) the electromagnetic
spectrum, (iii) the eﬀect of electromagnetic radiation in diﬀerent
regions of the spectrum on molecular substances, (iv) molecular-
level mechanisms by which greenhouse gases cause tropospheric
warming, and (iv) the relationship between laboratory infrared
spectra and global warming potentials for greenhouse gases.
A screen capture from the learning tool depicting how the
infrared spectrum of greenhouse gases plays a role in student
understanding of the concept of global warming potential is
shown in Figure 3. Students are guided to an understanding of
the relevance of considering the IR spectrum of a greenhouse gas
relative to earth’s blackbody curve and the spectral windows
where carbon dioxide and water vapor do not absorb IR.
The interactive electronic materials for students were all
created by the research team at the King’s Centre for Visuali-
zation in Science, with an interdisciplinary group of under-
graduate student researchers playing a central role in the creation
of interactive resources for use by other students.65
Step 6. Assess Learning Gains by Students Piloting the
Use of VC3Materials. Items were written for each module that
aligned with the tripartite learning outcomes to assess climate
science and chemistry knowledge. The items were discussed
and revised within the VC3 team, which ensured validation.
The items formed an instrument for each module which was
administered to students as a pre-/postassessment. This allowed
for changes in student performance to be measured, and thus,
impact on student learning could be measured.
The pre-/postassessment scores for each module were
analyzed using the method outlined by Hake known as a
normalized gain scores.66 This approach provides a method for
assessing whether exposure to the VC3 modules improves
student content learning, because it normalizes performances
relative to prior knowledge.
A gain score can be calculated for each student that has a paired
pre- and post-test score. For a class, the “gain of averages” is used
and follows this formula:
< > = < ‐ > −< >
− < >
g
post test pretest
100 pretest
The average of the pretest and post-test scores is calculated,
and then the normalized gain of these averages. It is also possible
to combine multiple classes that implemented a module to
calculate a gain of averages across the lifetime of the project.
Additionally, the chemistry items and the climate science items
on each instrument can be grouped together and analyzed
separately using the gain of averages method.
Within this assessment scheme, the results of several iterations
of the use of the various modules are summarized in Table 2.
Results are reported separately related to chemistry (Chem),
climate change (CC), and overall for each module. Considering
the data presented here, an overall level of gain is present in the
Figure 3. Screen capture of the infrared windows learning tool that guides students to an understanding of how the global warming potential of a
greenhouse gas such as CFC-11 can be understood in part by its infrared spectrum. Here the IR spectrum for CFC-11 is superimposed on the laboratory
IR spectra of carbon dioxide and water vapor and earth’s blackbody curve. (See ref 65.)
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assessments to suggest student learning has occurred. At the
same time, the learning gains are somewhat uneven, as the gains
related to climate change in the gases module, for example, are
roughly zero, or slightly negative. Convenience sampling also
plays a role in these observations, as the schools that participate
early in an implementation will have instructors who are
interested in the subject, and thus have students who may be
better prepared than most students at that level of course. Better
early scores will result in smaller gains. Similarly, the gains in
chemistry knowledge for students who used the acid/base
module are quite low. In each case these results may point to
established content challenges that are connected to relatively
entrenched student alternate conceptions,7,10,67 and the rela-
tively low gain scores in these aspects of the assessment may
indicate that more in-depth interventions are needed to promote
student learning for these challenging concepts.
Step 7. Disseminate Materials and Approaches and
Apply to New Rich Contexts. In response to urgent calls to
engage educators as well as researchers in the areas of energy,
green chemistry and processing, and environment with the
importance of sustainability education related to chemistry,13,68
the VC3 approach and resources are being disseminated to both
the scientiﬁc69 and science education communities.
■ CONCLUSIONS, IMPLICATIONS, AND LIMITATIONS
This paper sets out a rationale, theoretical framework, and some
empirical evidence for “teaching from rich contexts” as one
strategy to employ in postsecondary general chemistry courses
to address long-standing pedagogical challenges. A set of
particularly relevant sustainability-rich contexts related to climate
science were chosen because of the importance of the context as a
socio-economic issue and the strong conceptual link to principles
of climate literacy and general chemistry concepts. Furthermore,
addressing complexity is itself an important and sometimes
undervalued learning objective for required postsecondary
science courses. Our approach toward developing interactive
electronic resources to teach four topics in general chemistry
(after mapping the rich context to chemistry content, identifying
alternative conceptions related to both the context and content,
and then articulating tripartite learning outcomes) has been imple-
mented with considerable involvement by an undergraduate
student research team. The potential of the VC3 approach to
serve as an exemplar for infusing green chemistry concepts
into core general and organic chemistry courses was tested
with favorable responses in an ACS Green Chemistry Institute
workshop70 by a group of educators from research intensive
universities, PUIs, and community colleges.
A novel feature of this work was the articulation of tripartite
learning outcomes for each chemistry and climate concept,
with each knowledge outcome accompanied by an outcome
describing the evidential basis for that knowledge and an
outcome highlighting the relevance of that knowledge for
students. The iterative process of creating these tripartite
learning outcomes led to interesting discussions in the research
team about chemistry content knowledge that is often conven-
tionally presented as “inert”, without guiding students to an
understanding of where that knowledge has come from and why
it is relevant to learn it. The formal articulation of tripartite
learning outcomes may have some value in informing perpetual
discussions about “what should be left out” in general chemistry,
as room is made for modern concepts and approaches, nature of
science considerations, and important societal contexts related to
chemistry. Heightened attention should be given to these aspects
as U.S. students come into general chemistry over time having
experienced a high school curriculum based on the Next
Generation Science Standards. If Whitehead’s two educational
commandments were to be applied to general chemistry:
“Do not teach too many subjects”, and “What you teach, teach
thoroughly”,3 some topics might be pruned from a course if it
proved diﬃcult to meaningfully articulate sound reasons why
students should ﬁnd these topics relevant in their worlds.
Additional aspects of this project are the subject of a separate
report, describing a two-tiered climate science diagnostic
instrument to identify a student’s alternative conceptions about
the chemistry underlying global climate change.45 Work is in
progress to report details for each module about the results of
chemistry content and climate literacy mapping, the tripartite
learning outcomes, and key ideas for each module, along with a
further assessment of learning gains by students who piloted the
modules over several years.
Finally, while we did not build into the research design an
assessment of aﬀective domain gains by students, the suggestions
in the literature6,15,71 that students ﬁnd context-based approaches
more interesting and motivating are consistent with observations
made by VC3 piloting faculty and students.
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